While supernova (SN) impostors resemble the Great Eruption of η Carinae in the sense that their spectra show narrow H lines and they have typical peak absolute magnitudes of −13 to −14 mag, most extragalactic events observed so far are quite different from η Car in duration. Their bright phases typically last for ∼100 d or less, rather than persisting for several years. The transient object UGC 2773-OT (discovered in 2009) had a similar peak absolute magnitude to other SN impostors, but with a gradual 5-yr prediscovery rise. In the ∼6 yr since discovery, it has faded very slowly (0.26 mag yr −1 ). Overall, we suggest that its decade-long eruption is so far the best known analog of η Car's 19th century eruption. We discuss extensive spectroscopy of the ongoing eruption. The spectra show interesting changes in velocity and line shape that we discuss in detail, including an asymmetric Hα emission line that we show is consistent with the ejection of a bipolar nebula that could be very much like the Homunculus of η Car. Moreover, changes in the line width, line profile, blue excess emission resembling that of Type IIn supernovae, and the intensity of Hα suggest the presence of strong circumstellar interaction in the eruption at late times. This supports the hypothesis that the extended plateau of η Car's eruption may have been powered by shock interaction as well. One interesting difference compared to η Car, however, is that UGC 2773-OT so far does not exhibit the repeated brief spikes in luminosity that have been associated with binary periastron events.
INTRODUCTION
Observations indicate that there is a population of eruptive or explosive visible-wavelength transient sources that are systematically less luminous than supernovae (SNe), but more luminous than any stable star. Historically (Humphreys, Davidson, & Smith 1999) , four examples were known: P Cygni in 1600 AD, η Carinae's 19th century eruption (both in the Milky Way), SN 1954J in NGC 2403 (also known as Variable 12), and SN 1961V in NGC 1058. These were considered to be giant eruptions of luminous blue variable stars (LBVs). SN 1961V has since Kochanek et al. 2011 ) turned out to be a likely core-collapse SN of Type IIn (SN IIn), but among the others, η Carinae's eruption is often regarded as the proto-⋆ E-mail: nathans@as.arizona.edu type of these giant LBV eruptions, albeit the most extreme example.
Modern surveys for SNe have serendipitously found a few dozen of these luminous eruptive stars that were sometimes (especially in earlier studies) considered to be analogs of η Carinae and the LBVs. Because they are typically found in systematic surveys intended to find SNe, they are often called "SN impostors" (Van Dyk & Matheson 2012) , although they have also been referred to as η Car analogs, Type V SNe, intermediate-luminosity transients, and other names (Goodrich et al. 1989; Van Dyk et al. 2000; Van Dyk 2005; Zwicky 1961 Zwicky , 1965 . See Smith et al. (2011) and Van Dyk & Matheson (2012) for recent general reviews of these eruptive sources, as well as many references therein regarding individual objects. Kochanek (2011) has discussed considerations of the important role of dust in these events.
As more examples of these SN impostors have been discovered, and as more examples have been studied in de- Figure 1 . The observed apparent magnitude light curve of UGC 2773-OT in multiple bands, including the KAIT unfiltered light curve (calibrated as R), the early JHK points from Smith et al. (2010) , late-time BV RI from the Kuiper telescope, and JHK measurements from UKIRT (see Tables 1 and 2 ). The inset shows the dereddened SED at early times and late times.
tail, it has become increasingly clear that there is a wide diversity among SN impostors, and that few of them are actually close analogs of η Car's historical eruption. Some classic SN impostors have luminous, hot, blue progenitors and an indication that the star survived the eruption, such as SN 1997bs (Van Dyk et al. 2000) and SN 2009ip 1 (Smith et al. 2010; Foley et al. 2011) . A somewhat different subset of SN impostors includes SN 2008S, the 2008 optical transient in NGC 300, SN 2010dn, and similar objects that are sometimes referred to as intermediate-luminosity red transients because of the cooler photospheres that develop (Berger et al. 2009; Bond et al. 2009; Kochanek et al. 2011 Kochanek et al. , 2012 Thompson et al. 2009; Prieto et al. 2008a; Smith et al. 2009a Smith et al. , 2011 Wesson et al. 2010) . Most of these exhibit characteristic bright emission in the infrared (IR) lines of Ca ii and [Ca ii], perhaps related to their dusty circumstellar matter (CSM) (Prieto et al. 2008a; Smith et al. 2011) . The most interesting property of these is that there are a few cases where a deeply dust-enshrouded and relatively low-luminosity progenitor (perhaps a superasymptotic giant branch [AGB] star) has been identified in pre-eruption IR data (Prieto 2008; Prieto et al. 2008a ; Thompson et al. 2009 ). Some objects share properties of both categories, like UGC 2773-OT (the object discussed in this paper), which had a luminous blue progenitor and developed the [Ca ii] and Ca ii emission that is characteristic of the SN 2008S-like transients (Smith et al. 2010 Foley et al. 2011) . SN 2002bu shows properties of both classes as well, changing as it faded Szczygiel et al. 2012) . SN Hunt248 was an LBV-like eruption that appeared to arise from a yellow hypergiant pro-1 SN 2009ip later appeared to explode as a SN in 2012 (Mauerhan et al. 2013 ), but the star survived its pre-2012 eruptions.
genitor (Mauerhan et al. 2015) , and SN 2003gm may have been as well (Maund et al. 2006) .
Additionally, a subset of the SN impostors show very brief (lasting a few weeks) flares in optical luminosity that fade quickly and in many cases repeat, and sometimes precede a larger outburst. Some examples of these flares are seen in SN 2000ch, SN 1954J before its 1954 peak, and the pre-SN eruptions of SN 2009ip (Humphreys, Davidson, & Smith 1999; Smith et al. 2010; Pastorello et al. 2010; Smith et al. 2011; Mauerhan et al. 2013; Wagner et al. 2004) . Similar brief peaks were seen in η Car's Great Eruption too 2 , and are hypothesised to be related to stellar collisions at periastron in an eccentric binary system . Finally, some SN impostors and giant LBV eruptions have substantially less luminous peaks than η Car, with peak luminosities of −10 to −11 mag, rather than −14 mag. Examples of these fainter eruptions are P Cygni's 17th century eruptions, SN 1954J, SN 2002kg (although we caution that SN 2002kg may have actually been a normal S Dor eruption and not a giant eruption; Maund et al. 2006; Van Dyk et al. 2006) , V1 in NGC 2366 (Drissen et al. 2001 ) and the 1990s eruption of HD 5980 in the Small Magellanic Cloud (see Koenigsberger et al. 2004) . Thus, there is a very wide diversity among this class of eruptions, if indeed they belong in the same class. Kochanek et al. (2012) have pointed out that most SN impostors do not match traditional expectations for LBV giant eruptions as summarised by Humphreys & Davidson (1994) , and suggest that many of them are more likely to be SN 2008S-like events. This may partly be an expression of the fact that most aspects of the traditional view Groh et al. 2009a,b) have disproven the conjecture that S Dor brightening events are caused by developing pseudo-photospheres in optically thick winds (Davidson 1987, HD94) . The mass-loss rates of S Dor maxima are not high enough to make such large pseudo-photospheres, and so they are more likely to be caused by envelope inflation or pulsation (Graefner et al. 2012) . Moreover, bolometric luminosities during S Dor eruptions are not really constant (Groh et al. 2009a) . Similarly, the idea that gianteruption maxima are caused by pseudo-photospheres in opaque super-Eddington winds is challenged by light-echo spectra of η Carinae (Rest et al. 2012; Prieto et al. 2014) , by detailed analysis of the ejecta around η Car that are better matched by explosive models (Smith et al. 2003; Smith 2006 Smith , 2008 , and the fact that many extragalactic giant LBV eruptions are relatively hot at peak luminosity rather than cool Mauerhan et al. 2015) . Last, as discussed by Smith & Tombleson (2015) , the central paradigm of the role that LBVs play in stellar evolution and their connection to stars with the highest initial masses is probably incorrect, because their isolation from massive O-type stars dictates that they are largely products of binary evolution and not a transitional state in the lives of the most massive stars. There are many ways in which violent binary interaction may be important for understanding LBVs and related transients (Soker 2001; Podsiadlowski 2010; Kochanek et al. 2014; Smith & Tombleson 2015; Smith 2014) .
In any case, it is perhaps sufficient to state that our understanding of LBVs, LBV giant eruptions, shells around nearby LBVs, and extragalactic SN impostors is still too poor to make broad generalizations about the nature of the SN impostors or their connection to LBVs. The number of well-studied objects is still very small, and a close look at the physical properties of additional examples is quite valuable. Much of our interpretation of these events is coloured by the vast amount and quality of data for η Car that far surpasses all other cases, making comparisons tempting but sketchy. Finding extragalactic analogs that actually match η Car has so far been difficult.
In this paper we present an update on the ongoing outburst of the LBV-like transient UGC 2773-OT. The "update" refers to developments since our first paper on this object (Smith et al. 2010) , which discussed photometry and spectra obtained shortly after the time of discovery, as well as archival data that showed a relatively faint progenitor 10 years before discovery and a gradual brightening for 5 yr before (see below). In that paper, we found that the transient had a relatively cool spectrum (∼7000 K) and relatively slow outflow speeds (200-300 km s −1 ), a mild IR excess from circumstellar dust, and a luminous yellow progenitor with log(L/L⊙) = 5.1 (although it could have been substantially hotter and more luminous, due to possible foreground extinction from circumstellar dust). The likely effective initial mass indicated by comparing the quiescent progenitor to single-star models was found to be 20 M⊙ (more if additional extinction was significant or if the star was hot). Foley et al. (2011) presented additional complementary spectra of UGC 2773-OT, and came to similar conclusions about its physical properties and LBV-like nature. In the time since these first papers, UGC 2773-OT has continued to evolve slowly, declining from its peak but remaining at relatively high outburst luminosity. If the progenitor really was an initially 20 M⊙ star, then the transient has exceeded the classical Eddington luminosity for more than a decade. The fact that it has persisted for a decade in this high-luminosity state is physically meaningful, as discussed in this paper. In this sense, we suggest that it is so far the only known example of an extragalactic SN impostor that behaves similar to the 19th century Great Eruption of η Carinae. This extends the comparison made by Rest et al. (2012) , who remarked that spectra of UGC 2773-OT obtained shortly after discovery provided the closest match among known SN impostors to the low-temperature spectra of η Car's light echoes. In this paper we report changes in the spectrum of UGC 2773-OT after several years, and it will be interesting to see if η Car's light echoes develop similar changes as time passes.
UGC 2773-OT was observed to occur in the central parts of the dwarf irregular galaxy UGC 2773, and its brightening was discovered (Boles et al. 2009 ) on 2009 August 18.08 (UT dates are used throughout this paper). As in our previous paper (Smith et al. 2010 ), we adopt m − M = 28.82 mag, E(B − V ) = 0.56 mag, and AR = 1.51 mag for the Milky Way reddening and extinction in the line of sight to the host galaxy UGC 2773, and we refer to day 0 as the date of discovery. We present new photometry and spectra in Section 2, and we combine these with our previously published photometry and spectra. In Section 3 we summarise the observational results, and in Section 4 we discuss physical interpretations in context with other LBVs -especially one of them.
OBSERVATIONS

KAIT Photometry
UGC 2773, the dwarf irregular host galaxy of UGC 2773-OT, has been monitored regularly with the Katzman Automatic Imaging Telescope (KAIT; Filippenko 2003) at Lick Observatory. As demonstrated by Li et al. (2002) , the best match to broadband filters for the KAIT unfiltered data is the R band (although note that bright Hα line emission will influence the R band more than the unfiltered data). We list the KAIT apparent unfiltered magnitudes of UGC 2773-OT in Table 1 , and the apparent magnitudes are plotted in Figure 1 . This table lists only KAIT observations since the time of discovery. We analyzed prediscovery unfiltered images and detected a source at the position of UGC 2773-OT during the ∼5 yr before discovery, as well as upper limits before that. There were multiple observations each year, so we produced stacked seasonal averages to improve the sensitivity. Further information about the prediscovery photometry is available in our previous paper (Smith et al. 2010) . A stacked image from the year 2000, when UGC 2773-OT was not detected, is used as a template image in an imagesubtraction technique to cleanly remove the galaxy contamination at the position of UGC 2773-OT in later images. This is important because UGC 2773-OT is in a crowded region of its host, and so we may expect different results from template-subtracted photometry and raw aperture photometry. The photometry listed here is a reduction and analysis of the same data from 2009 that were published earlier, plus new observations since 2009. Unfortunately, KAIT observations of UGC 2773-OT during the 2010 season are not available because of a failure in the data storage device, so there is a gap in the light curve 1 yr after discovery.
To put the flux on an absolute magnitude scale, we adopt the same distance and reddening from our previous study (Smith et al. 2010) , and listed here in the Introduction. The resulting absolute magnitude light curve is shown in Figure 2 , along with some other transient sources from the literature for comparison. (Smith et al. 2015, in prep.) , and the brief SN impostor SN 2008S (Smith et al. 2009a ).
Visible/IR Photometry
Johnson B, V , Harris R, and Arizona I band imaging was obtained with the Mont4k instrument mounted on the 1.55m Kuiper telescope located on Mt. Bigelow, Arizona. Observations were taken on 2014 October 16, November 16, 29, and December 28, and on 2015 February 10 in 3×3 binning mode, resulting in a final pixel scale of 0. ′′ 43. The observations were then reduced and combined into final images using standard IRAF ccdred procedures and dome flats.
NIR imaging observations were taken with the 3.8-m United Kingdom Infrared Telescope (UKIRT) on Mauna Kea using UFTI (2014 August 19) and WFCAM2 (2015 January 11, 21, and 29). JHK observations were pipeline reduced by the Cambridge Astronomical Survey Unit (CASU).
Aperture photometry was performed on all images using a 1.
′′ 3 aperture to mitigate contamination from adjacent host galaxy light, and was calibrated using APASS optical and 2MASS NIR standard stars present in the field. R and I band standards were transformed from APASS r′ and i′ magnitudes using Jester et al. (2005) . For both optical and NIR data, uncertainties were calculated by adding in quadrature photon statistics and zero point deviation of the standard stars for each epoch. The resulting photometry is listed in Table 2 .
Spectra
We obtained several epochs of optical spectroscopy of UGC 2773-OT using a number of different facilities over the past 6 years, including the Bluechannel (BC) spectrograph on the 6.5-m Multiple Mirror Telescope (MMT), the Boller & Chivens (B&C) Spectrograph mounted on the 2.3- Figure 3 . Visible-wavelength spectra of UGC 2773-OT obtained with the Keck, MMT, and Bok telescopes over the past 6 years (see Table 3 ). As noted in the figure, all spectra shown here have been corrected for the Milky Way line-of-sight reddening. Table 3 . For MMT spectra, we either used the 1200 lpm grating (moderately high resolution) or the 300 lpm grating (low resolution). The slit was always oriented at the parallactic angle (Filippenko 1982) , and the long-slit spectra were reduced using standard procedures. Final spectra are shown in Figure 3 , including the first epoch of spectra, which is from our previous paper (Smith et al. 2010) . Several epochs in Figure 3 have a blackbody plotted in grey; these are intended only as a rough relative comparison. Nevertheless, inferred temperatures around 6500 K suggest that these quoted temperatures are not wildly in error. Details of the Hα line profile are shown in Figure 4 , Hβ is shown in Figure 5 , details of the region around Na i D and He i λ5876 are shown in Figure 6 , and Fe ii λλ6148,6149 is shown in Figure 7 .
RESULTS
Light Curve
In our previous study (Smith et al. 2010) , we showed that prediscovery photometry of UGC 2773-OT showed a slow and steady brightening in the 5 yr prior, when it was 3 or more magnitudes brighter than its quiescent progenitor detected a decade before discovery in HST images (the prediscovery brightening is reproduced in Figure 2 ). As noted earlier (Smith et al. 2010; Foley et al. 2011) , the HST data for the progenitor correspond to a star of at least ∼20 M⊙ and log(L/L⊙) = 5.1. Those authors both noted, however, that these estimates for the progenitor are likely to be just lower limits because with a small amount of circumstellar dust extinction (motivated by the early IR excess), the progenitor could easily be hotter and more luminous, corresponding to a 40-60 M⊙ star or more. Thus, the slow brightening in the years before discovery could have been partially due to colour evolution from a hot to a cooler state, in addition Figure 4 , but for Hβ. Our spectral dataset includes fewer epochs that sample Hβ, and only with low-resolution spectra that cover a broader wavelength range.
to a real increase in bolometric luminosity. Unfortunately, information about the prediscovery colour evolution is not available aside from the single HST epoch.
Since reaching its peak apparent brightness around day 200 (as plotted in Figure 2 ) until day ∼2000, UGC 2773-OT has had a very slow and steady decline rate at visible wavelengths. There may be small fluctuations in brightness, but the overall trend appears smooth. From the KAIT light curve, we measure an average decline rate of 0.26 mag yr −1 during the first ∼2000 days.
There is very little colour evolution during this slow decline, and the trend is toward slightly bluer colours at late times. In the inset of Figure 1 , we show the spectral energy distribution (SED) for early times around days 20-40, as well as late times around day 2000. The early-time photometry include IR JHK magnitudes from our previous study (Smith et al. 2010 ) and gri magnitudes from Foley et al. (2011) taken at the same epoch, both dereddened by E(B − V )=0.56 mag. The optical/IR SED at early times can be approximated with a ∼6500 K blackbody, which is consistent with our low-resolution spectrum on day 34 shown in Figure 3 . At later times, the SED indicates a slightly warmer temperature, but as we discussed below, this is mostly due to a combination of a continuum photosphere at about the same temperature, plus a blue excess from emission lines.
Neither early nor late epochs show a substantial IR excess. At early times, one could deduce a small near-IR excess by choosing a slightly warmer characteristic temperature for optical data plus a small amount of hot dust to match the IR fluxes (Foley et al. 2011; Smith et al. 2010) . At late epochs, the J and H magnitudes are consistent with an extension of the optical blackbody, but there does appear to be a small K-band excess. This may be due to the formation of new dust, cooling of CSM dust heated by an IR echo, or the destruction of the hottest dust seen previously, leaving the cooler dust at larger radii. Continued monitoring of the IR fluxes may be interesting; if UGC2773-OT fades as η Cari- nae did at the end of its decade-long plateau, we may see a strong increase in the IR excess.
Although there has been only gradual change in the light curve of UGC 2773-OT over the past few years, there have been some pronounced changes in its spectrum, as discussed next.
Spectroscopy
In our previously reported day 34 spectrum (Smith et al. 2010 ) obtained shortly after discovery and near the time of peak luminosity, UGC 2773-OT showed a cool absorption- Figure 8 . Measured emission-line EWs (emission is positive) of Hα as compared to the EWs for the Ca ii IR triplet and He i λ5876. Hα (black filled points) was integrated from roughly −1200 to +1800 km s −1 , and the uncertainty is dominated by signal to noise of the continuum. For Ca ii (orange unfilled squares, connected by orange lines), we took the integrated EW of all 3 lines, and so P Cygni absorption at some epochs weakens the emission EW. The relatively wide continuum also raises the EW uncertainty due to the choice of the continuum level. For He i λ5876 (blue squares and arrows) we have only upper limits at early times determined by the signal to noise ratio of the spectra, whereas we clearly detect narrow He i at later times, although at those epochs we sometimes also see an accompanying P Cygni absorption that adds to uncertainty in choosing a continuum level. (We did not use the day 1559 spectrum, which suffered from calibration problems due to weather.) The He i EW is multipled by a factor of 40 for display.
line spectrum, similar to late F-type of G-type supergiants, and similar in some ways to the spectra of LBVs in their cool state. Foley et al. (2011) presented similar spectra of UGC 2773-OT obtained around the same epoch. The early spectrum was characterised by heavy line blanketing by numerous narrow absorption lines in the blue, and relatively weak and narrow Hα emission. An echelle spectrum taken with Keck/HIRES on day 22 showed a clear P Cygni profile in Hα that suggested outflow speeds around 360 km s −1 (Smith et al. 2010 ). The early spectrum showed strong absorption from Ca ii H and K, very weak emission in the forbidden [Ca ii] doublet, and a relatively weak P Cygni profile in the Ca ii IR triplet (Smith et al. 2010) . These are similar to the spectral properties seen in SN 2008S-like objects (Prieto 2008; Prieto et al. 2008a; Thompson et al. 2009 ). Subsequently, Rest et al. (2012) showed that our day 34 spectrum of UGC 2773-OT resembled spectra of light echoes from η Carinae, also thought to correspond to early phases in its historical giant LBV eruption near peak.
In the intervening ∼6 yr, the spectrum of UGC 2773-OT has shown gradual and subtle changes as the source faded slowly. The overall spectral evolution is shown in Figure 3 . While the visible/red continuum slope has remained roughly constant at a characteristic apparent temperature around 6500 K, there are a number of other changes reminiscent of increasing temperature/ionization or dropping optical depth. The forest of narrow absorption lines that cause strong line blanketing in the blue (day 34) weakened considerably, and many narrow features including numerous Fe ii lines change into emission rather than absorption; this is discussed more below. We see weakening and disappearing P Cygni absorption features, and strengthening with time of emission components of Balmer lines and the Ca ii triplet. Later epochs even show narrow He i in emission, which is absent at early epochs. One of the most pronounced changes is seen in the Hα profile, which becomes stronger, broader, and develops an asymmetric and irregular profile (Figure 4) . Implications of the Hα profile are discussed later.
3
An interesting comparison involves the relative strengths of Hα, the Ca ii IR triplet, and He i λ5876. The time dependence of equivalent widths (EWs) for these three lines is plotted in Figure 8 . While the light curve shows only gradual fading of about 1.5 mag (a factor of 4) in ∼2000 days, the Hα EW climbs by a factor of ∼150 or more, so these changes in EW also trace changes in line luminosity.
4
Underscoring the unusual changes to Hα, the Hβ line does not show a similar evolution in terms of its profile shape or relative strength. On day 34, the Hα/Hβ flux ratio is 7.7±1 (not corrected for any local reddening), and the Hα/Hβ flux ratio then climbs to 31±2 by day 1057. This indicates that Hβ does not increase in strength as much as Hα, probably signifying a growing contribution from shock excitation at later times. This increasing Hα/Hβ ratio is not due to increased reddening from dust, since the continuum shows basically no change in slope, while Hα develops a line profile that is very different from Hβ. Also, the profile of Hβ retains its P Cyg absorption, whereas Hα goes fully into emission with an asymmetric profile. Interestingly, though, the speed of the Hβ P Cygni trough increases from around 300 km s −1 on day 34 to about 700-800 km s −1 by day 1836 ( Figure 5 ). An important point is that at each epoch, the blue P Cygni absorption in Hβ is at a similar speed to the blue emission bump seen in Hα. Thus, both Hβ and Hα trace a dramatic increase in outflow speed with time during the event. If the outflow speed is increasing with time, the fast material must catch up with and overtake the slower material ejected earlier, indicating that shocks should play an important role in the event. This is discussed more below.
The EW of the Ca ii IR triplet increases in-step with Hα for the first 1000 days, but while Hα levels off for the next 1000 days, Ca ii fades by more than a factor of 3. At around the same time, He i λ5876 transitions from nondetection in the first 1000 days, to then rising as Ca ii falls (note that the He i EW is multiplied by a factor of 40 for display in Figure 8) . Thus, the changes after day 1000 likely indicate a rise in ionization and electron temperature (especially He i emission, but also Ca + getting partly ionized to Ca ++ ) that accompanies a falling optical depth. The likely physical significance of these changes is discussed below in Section 4.1.
The behavior of the red/IR lines of Ca + are particularly interesting, and are relevant to comparisons with other types of SN impostors and η Car. Figure 9 illustrates the changes in line intensity and profile shape with time. This figure shows the day 34 (near peak) and day 1836 spectra of the [Ca ii] λλ7291,7324 doublet and the Ca ii IR triplet at 8498, 8542, and 8662Å. Both sets of lines increase in strength (in accord with Figure 8 ), but the increase in [Ca ii] emission flux is more dramatic because these lines were very weak on day 34. This increase is similar to the increase in [Ca ii] emission strength seen in light echoes of η Car as it faded . The velocity profiles of the lines also change markedly between the two epochs. The [Ca ii] lines develop a boxy or even double-peaked profile, with a FWHM of 821(±5) km s −1 , and with the line wings dropping steeply to the continuum level at −530 (±15) and +530 (±15) km s −1 . Thus, the emission is narrower than the broad asymmetric emission profile of Hα at late epochs (Figure 4) . The Ca ii IR triplet lines show the same boxy emission profile with almost exactly the same width (see the inset in Figure 9 ), but the tops of the profiles are skewed to the red, presumably because of some blueshifted self-absorption that diminishes the blue peak. The Ca ii IR triplet lines also have blueshifted P Cygni absorption components, with the velocity of the absorption trough minimum increasing dramatically from −350 (±30) km s −1 on day 34 to −800 (±20) km s −1 on day 1836. The velocity of the Ca ii P Cygni absorption is therefore similar to the speed of the blue bump in the Hα emission profile at late times. The Ca+ emission components do not trace this faster material, and therefore originate from a different zone in the outflow; this may be relevant for interpretations of the [Ca ii] emission in other SN impostors, like the SN 2008S-like objects mentioned in the Introduction, as well as the [Ca ii] emission seen in light echoes of η Carinae, which have been compared to UGC 2773-OT (Rest et al. 2012; Prieto et al. 2014) . The geometry of the outflow is discussed below in Section 4.2.
DISCUSSION
Wind/ejecta vs. Shock Interaction
While the light curve of UGC 2773-OT shows a very gradual rate of fading, there are interesting spectroscopic changes over the past 6 years that hold important clues about the physical processes in the eruption. Overall, the observed spectrum held an almost constant continuum temperature at 6500 K while fading about 1.5 mag in visible light. Despite the unchanging observed continuum slope, there are signs of increasing ionization and excitation that seem inconsistent with this relatively low and constant apparent continuum temperature. The early time spectra around peak apparent brightness are qualitatively consistent with expectations for either a cool optically thick wind, or a photosphere that is formed in the expanding ejecta of an explosion. As time proceeds, however, we begin to see clear signs that a strong shock wave is contributing to the spectrum. This spectral evolution therefore gets to the crux of a key current question regarding LBV eruptions (see Smith et al. 2011 ): are they driven by super-Eddington winds or hydrodynamic explosions? While we cannot claim from available evidence that a super-Eddington wind (Owocki et al. 2004) plays no role in lifting material from the star (in fact it may help produce the CSM into which the explosion crashes), there are several lines of evidence that point to or require strong shock excitation as playing a key role in powering the event, especially at later times. These are:
1. In the past 6 years, Hα has increased sharply in EW and line luminosity in UGC 2773-OT, as seen in the normal evolution of SNe IIn powered largely or entirely by CSM interaction. Also, the Hα/Hβ ratio increases as the Hα luminosity climbs. This increasing flux ratio favours collisional excitation in a shock rather than photoionization and recombination as the power source for the strong Hα emission. Again, late-time spectra of SNe IIn exhibit very strong Hα, often with little else detected in their visible-wavelength spectra.
2. The EW and line flux of He i λ5876 strengthens after day 1000, even though the apparent continuum temperature changes little. A 6500 K photosphere cannot photoionize a substantial fraction of the He to produce He i recombination emission. This requires an additional source of high excitation. Interestingly, the Ca ii IR triplet weakens as the He i λ5876 EW strengthens, while Hα remains strong after day 1000 (Fig. 8) . This again suggests an increase in ionization from Ca + to Ca ++ . A significant change in ionization is not expected for photoexcitation alone if the apparent continuum temperature is unchanged. He i λ5876 emission generally would require temperatures above 20,000 K. The excess ionization is likely due to X-rays and far-UV radiation from a shock.
3. Characteristic outflow speeds are increasing with time, as seen in the increased width of the Hα emission profile as well as the increasing speed of the blueshifted P Cygni absorption trough of Hβ (from about 300 to 800 km s −1 ) and Ca ii. If the outflow speed is increasing, one expects that fast ejecta must catch up with slow material ejected previously, giving rise to a shock.
4. The blue portion of the visible spectrum changed from a forest of narrow absorption lines at early times indicative of the strong line-blanketing seen in dense winds and cooling ejecta (day 34) to an excess of blue emission lines at later epochs. Figure 10 directly compares the day 34 spectrum with strong blue line blanketing to the day 1836 spectrum with excess blue emission, with both spectra normalised to the red continuum level. While their red spectra are very similar (except for the strength of Hα and a few other individual lines), the spectra at these two epochs are very different in the blue. To isolate the excess blue emission, the bottom panel in Figure 10 shows a spectrum of the residual after subtracting the day 34 spectrum from the later day 1836 spectrum. The residual represents the extra emission that appears at late times. This residual emission is shown in gray, while the black tracing is a smoothed version of this same residual spectrum. This residual blue emission has a spectral morphology that is very reminiscent of the "blue pseudo continuum" that is often seen in SNe Ibn and SNe IIn that are powered by strong CSM interaction. Figure 10 also shows the late-time (day 905) spectrum of SN 2005ip (red) from Smith et al. (2009b) , which was a Type IIn explosion that was unusually bright at late times because of strong and persistent ongoing CSM interaction. With the exception of a few narrow coronal lines that are especially strong in SN 2005ip (Smith et al. 2009b) , Figure 10 shows that a late-time SN IIn actually provides quite a good match for the blue excess emission in UGC 2773-OT.
The presence of fast ejecta and a growing contribution to the observed spectra from shock emission is interesting in the context of making comparisons between UGC 2773-OT and the Great Eruption of η Carinae. There are several lines of evidence that point to a strong shock as being im- Figure 10 . A comparison of the early and late-time spectra for UGC 2773-OT, highlighting the excess blue emission. The top panel shows the day 1836 spectrum (black) compared to the day 34 spectrum from Smith et al. (2010) in gray. Both spectra are normalised to the red continuum level, and in fact the red spectra appear very similar except for Hα and Ca + . In the blue there is a clear excess of line emission at late times. The bottom panel isolates this excess blue emission by subtracting the normalised day 34 spectrum from the normalised day 1836 spectrum. The gray plot is the residual, and the black plot is a smoothed version of the residual emission. We compare this to the excess "blue pseudo-continuum" seen in SN 2005ip (red) on day 905 (Smith et al. 2009b) , which is characteristic of the forest of blue emission lines seen in interacting SNe. This indicates that the excess blue line emission in UGC 2773-OT is most likely powered by a shock interacting with CSM. portant for powering η Car's Great Eruption: (1) The very fast ejecta outside the Homunculus, moving at speeds of 3000-5000 km s −1 (Smith 2008) , which are hard to achieve in a wind model that can also form the slower Homunculus (Owocki et al. 2004) , (2) the large ratio of kinetic energy to total radiated energy that exceeds unity (Smith et al. 2003) , (3) the very thin walls of the Homunculus nebula that seem to have been compressed in a radiative shock (Smith 2006) , and (4) spectra of light echoes of η Car that seem inconsistent with expectations for an opaque wind model (Rest et al. 2012; Prieto et al. 2014) . These indicators of explosive mass loss seem, at first glance, to be at odds with the decadelong duration of the bright plateau in η Car, which is of course much longer than the short duration of hydrodynamic mass ejection. Using a simple 1-D model of CSM interaction, however, Smith (2013) showed that the long plateau of η Car's 19th century event could be powered by CSM interaction by adopting physical parameters that are consistent with the mass and kinetic energy now observed in the Homunculus. The fact that observed spectra of the UGC2773-OT transient show evidence for an increasing contribution from shock-powered emission reinforces the conclusion that shocks play an important role in powering the long-duration high-luminosity plateaus of these two events, and also bolsters the comparison between UGC2773-OT and η Car (note that spectra of light echoes corresponding to η Car's long 1850s plateau are still being analyzed; Smith et al., in prep.) .
Some observed evidence for strong shock excitation has been reported for other SN impostors as well, usually showing a characteristically "hot" spectrum (see Smith et al. 2011) . Some of these are the pre-SN eruptions of SN 2009ip (Smith et al. 2010; Foley et al. 2011 ), SN 2000ch (Smith et al. 2011 Pastorello et al. 2010; Wagner et al. 2004) , and SNHunt248 (Mauerhan et al. 2015) . All of these, however, have exhibited brief luminosity spikes (weeks to months), not sustained decade-long events like η Carinae and UGC 2773-OT.
Asymmetry in the Ejecta
One of the most remarkable aspects of the spectral evolution of UGC 2773-OT in its first 2000 days is its Hα line (Figure 4) . In particular, we note the change in profile shape from a normal P Cyg profile that one might attribute to a moderately slow wind, to a multi-peaked and asymmetric pure emission profile, accompanied by a huge increase in strength of Hα emission.
As noted above, various spectral clues suggest a significant contribution to the optical emission from shock excited gas in CSM interaction. This is especially true for Hα, where shock excitation likely dominates the broad (±1000 km s −1 ) Figure 11 . Comparison between the asymmetric Hα line profile observed in UGC 2773-OT to the H 2 emission from the Homunculus nebula around η Carinae. The top panel shows the 2D long-slit spectrum of H 2 S(1-0) 2.122 µm emission from the Homunculus. This is an average of 5 adjacent slit positions with the slit aligned along the major (polar) axis of the bipolar nebula, excluding a region around the bright central star. These H 2 spectra were obtained with the Phoenix spectrograph on Gemini South, and the individual positions were presented by Smith (2006) . The bottom panel compares the line profile of this H 2 emission integrated along the slit (meant to mimic the integrated H 2 line profile observed for the whole Homunculus nebula). This is the thick orange curve, which is compared to the Hα profile observed in UGC 2773-OT (black) on 2013 Sep. 4.
Hα luminosity. While the earliest epoch showed a similar line profile in Hα and Hβ, the late-time Hβ does not show a broad multi-peaked line profile like Hα, and it does not exhibit a comparable increase in strength. In fact, no other emission line in the spectrum shows a profile similar to that of Hα. This argues that the strong Hα emission is caused by shock excitation in a similar vein to the strong Hα emission that often dominates the late-time spectra of SNe IIn (e.g., Smith, Mauerhan, & Prieto 2014) . In a steady wind, one expects Balmer transitions and other lines to exhibit similar profile shapes. If we assume that late-time Hα emission traces the postshock gas in CSM interaction, then the unusual profile of Hα holds important clues about the geometry of the ejecta and CSM. The line became much stronger with time, but the profile shape also changed dramatically. A blue bump of excess emission appeared in our second epoch of spectra on day 478/479 (see Figure 4) . The blue bump was located at roughly −360 km s −1 , which is roughly the same speed as the P Cygni absorption trough in the first epoch on day 34 (Smith et al. 2010) . (This blue bump is not at the correct wavelength to be [N ii] λ6548; see Figure 4 .) The blue bump then grew stronger with time and migrated to faster blueshifted speeds. At later times (days 1000-2000) the blue bump is seen at roughly −600 to −800 km s −1 , while a corresponding red bump develops as well (although less pronounced). At later times the Hα profile exhibits very steep blue and red wings, unlike the profile wings from electron scattering in a wind.
A qualitatively similar asymmetric blue bump in Hα has been seen at different speeds in several SNe IIn (Smith et al. 2012a (Smith et al. ,b, 2015 Fransson et al. 2014) , and is usually attributed bipolar or perhaps disk-like geometry in the shock interaction. A corresponding red bump is usually assumed to be weaker or absent due to extinction by dust or occultation by the opaque SN photosphere. Radiative transfer simulations of SNe IIn with bipolar CSM support these expectations of having an asymmetric blue emission line arising from a bipolar geometry (Dessart et al. 2015) . The increasing speed with time seen in UGC 2773-OT is likely due to the dominant emission migrating from the slower preshock CSM to the accelerated post shock gas.
This sign of asymmetry in the line profiles during the eruption has important implications for understanding the origin of bipolar nebulae around LBVs and other massive stars. Since the blue bump is seen from emission lines that arise in CSM interaction during the transient event itself, this requires that the shaping of the bipolar nebula occurs during the event or before (imprinted in the inner CSM), and is not due to hydrodynamic shaping over a long time after the event. So, for example, the bipolar nebula seen centuries or thousands of years later does not arise from an asymmetric posteruption wind, nor from interaction between a wind and an extended disk-like CSM at large radii. The bipolar geometry must be inherent to the physics of the explosion itself, or to the CSM ejected immediately before that is overtaken by the ejecta during the observed event.
In this paper we have compared UGC 2773-OT's recent long-lasting eruption to the historical 19th century eruption of η Carinae (Smith & Frew 2011) . In that spirit, Figure 11 makes another relevant comparison. This figure shows the asymmetric Hα line profile observed at late times in UGC 2773-OT, and compares it to the present-day line profile of emission from the Homunculus nebula around η Car. At the present epoch, η Car's ejecta have cooled and the nebula is seen as a dusty reflection nebula at visible wavelengths, rather than in Hα emission. However, the dense thin shell that contains most of the mass in the Homunculus emits bright near-IR H2 lines (Smith 2006 ). In the CSM interaction model proposed by Smith (2013) , the thin walls of the Homunculus seen today in H2 correspond to the cold dense shell of postshock gas that would have emitted bright Hα during the eruption. Therefore, the comparison in Figure 11 is physically motivated, because the different lines are tracing essentially the same postshock gas, before or after it cools. The H2 emission line profile shown here is an attempt to mimic the integrated H2 profile of the entire nebula, as if the Homunculus were an unresolved point source at a large distance. This is accomplished by summing the H2 emission along the slit, for the several different slits used to map the Homunculus with the Phoenix spectrograph at Gemini South. These data were originally presented and discussed by Smith (2006) . The result of this exercise is that the integrated H2 emission from the Homunculus nebula shows a profile that is very similar to that of the Hα emission observed now in UGC 2773-OT. A strong blue bump is seen from the front of the approaching blueshifted polar lobe of the nebula, and a central peak is seen from slower material at the pinched waist of the nebula. The emission peak from the receding polar lobe is suppressed in this case by dust extinction in the Homunculus (Smith 2006) . This comparison makes a strong plausibility argument that the Hα profile seen in UGC 2773-OT could arise in a bipolar shell created by CSM interaction, as in η Car, and it underscores the potential similarity of the two objects.
At late times, lines of [Ca ii] and Ca ii also exhibit unusual and asymmetric profile shapes (Figure 9 ), and the emission components trace different velocities than Hα. The forbidden lines of the [Ca ii] λλ7291,7324 are not contaminated by absorption. Their profiles are quite boxy, with double peaked horns at the relatively flat top of the profile, and their steep line wings extend only to about half the velocity seen in Hα. Such differences are not expected in a wind where radiation scatters out from a central source, and where forbidden lines would presumably trace the outermost material at the final coasting velocity (faster than in the inner wind acceleration region). Instead, the stark differences in line profile shape and width between Hα and [Ca ii] may arise because they trace different latitudinal zones in the shock front. A bipolar shock front will have significantly different speeds -and hence different excitation/ionization levels -at the slow equator and fast poles. Hα may trace the stronger and faster shock at the polar regions of the bipolar shock, whereas [Ca ii] emission may be restricted to lower speed and lower excitation material near the equator or mid latitudes. The fact that the IR triplet Ca ii lines show these faster speeds in absortption that are similar to Hα emission supports this conjecture.
A Key Difference
Although we have discussed above how UGC 2773-OT bears many observable similarities to the historical 19th century eruption of η Carinae, there is one key difference that needs to be mentioned. This difference stems from the fact that UGC 2773-OT shows a smooth light curve, whereas η Car shows a series of repeating brief luminosity spikes in its historical data (Smith & Frew 2011) , especially before 1845, as noted in the Introduction.
These brief luminosity spikes seem to coincide with times of periastron passage in the very eccentric binary system if we extend the present day 5.5 yr orbit back in time, with a small adjustment to the period for the mass lost in the event (Smith & Frew 2011; Damineli 1996) . The periastron events have been discussed in terms of grazing stellar collisions at periastron due to an inflated primary star's envelope , and periastron accretion events onto a companion that power the event and blow jets that shape the bipolar Homunculus (Soker 2001; Kashi & Soker 2009 ). If these brief encounters are missing in UGC 2773-OT but it produces a long-lived eruption and a bipolar nebula anyway, we may be receiving a clue that the periastron collisions could be a secondary effect rather than the driving mechanism of these eruptions. This last point is speculative, however, and additional examples of similarly persistent LBV giant eruptions with well-sampled photometry would be valuable in this regard.
